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Protein restriction in chronic renal failure
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Abstract
The aim of the study was to investigate the
effect of a protein restricted diet on renal
function and growth of children with chronic
renal failure. In a multicentre prospective
study 56 children (aged 2-18 years) with
chronic renal failure were randomly assigned
to the protein restricted (0.8-1.1 g/kg/day) or
the control group. All children were followed
up by the same paediatrician and dietitian.
After a follow up period of three years there
was no significant difference in glomerular
filtration rate between children on a protein
restricted diet and children of the control
group. There was no significant difference in
weight with respect to height and height SD
score between the protein restricted and the
control group. Compliance with the protein
restricted diet, as indicated by the prospective
diet diaries and the serum urea:creatinine
ratio, was good. This study shows that
children with chronic renal failure do not
benefit from a protein restricted diet.
(Arch Dis Child 1993; 68: 371-375)
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Hyperfiltration, the adaptive response to the loss
of functioning kidney mass, is thought to be
detrimental to long term kidney function
because of the development of glomerulosclero-
sis.' It is postulated that protein restriction can
decrease hyperfiltration and slow down progres-
sion ofchronic renal failure.2 Studies have shown
a beneficial effect of a protein restricted diet on
renal function in laboratory rats with chronic
renal failure.'I However the growth of some rats
on a very low protein diet was impaired.6

It is still unknown whether protein restriction
can slow down progression of chronic renal
failure in man. For children with chronic renal
failure one prospective, but not controlled, study
has demonstrated a favourable effect of a protein
restricted diet on renal function.7 A prospective
randomised European multicentre study in
children is now in progress.8 In addition, the
potential benefit of protein restriction for child-
ren has to be balanced against the risk of retarded
growth. We preseni the results of a three year
follow up of a prospective randomised study of
the effect of a protein restricted diet on renal
function and growth in children with chronic
renal failure.

Patients and methods
GENERAL OUTLINE
In order to minimise interobserver variations one
single paediatrician and one dietitian visited the
patients in the different centres throughout the
course ofthe study. We regard this as an essential
aspect of the study.

PATIENTS
To be eligible for the study the children (age
2-18 years) had to be under treatment for
chronic renal failure (glomerular filtration rate
(GFR) 15-60 ml/min/1 73m2) for at least six
months. Excluded from the study were children
with cystinosis, oxalosis, lupus erythematosus,
severe hypertension (blood pressure exceeding
110% of the 97th centile according to Andre and
Deschamps9), and other severe diseases and
children on corticosteroid, growth hormone, or
erythropoietin treatment. Altogether 56 children
were studied. Progressive renal failure was
defined as a significant decrease in GFR with
respect to the last six to 12 months before the
study.

RANDOMISATION
After an observation period of three months the
children were randomly assigned to a protein
restricted group (n=27) or a control group
(n=29) after stratification for treatment centre.
Both groups were well balanced with respect to
various baseline characteristics (see the table).

DIET
The children in the protein restricted group were
advised to reduce their protein intake to the safe
levels ofthe World Health Organisation (WHO),
which vary according to age and gender between
0-8 and 1F1 g/kg/day.'° The children in the
control group were advised to eat at least 1 5 to
2-0 times the safe levels of protein intake,
according to age, which equals the normal
protein intake for healthy Dutch children." For
all children the target energy intake was at least
100% of the energy requirement advised by the
WHO.'0 A paediatrician and dietitian assigned to
the study visited the children at the different
outpatient clinics every three months.

DIETARY ASSESSMENT
The children and their parents were asked to
provide a prospective dietary diary once every

Patient characteristics. Data given are numbers ofpatients or
means (SD)

Protein restnrcted group Control grotup
(n=27) (n=29)

Age (years) 10-2 (4-7) 9 3 (4 5)
Sex (M/F) 18/9 23/6
GFR(ml/min/1-73m2) 42 (14) 38 (14)
Diagnosis:
Glomerulopathy 5 5
Uropathy 17 18
Miscellaneous 5 6

Progressive renal failure 11 10
Weight for length (%) 100 (17) 97 (11)
Height SD score -1 16 (170) -1 57 (1 17)
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-e- Control group
Start
of diet

function in children and could therefore be
determined at regular three month intervals.
Because it is a more invasive procedure, deter-
mination of the inulin clearance was only per-
formed after two and three years. This provided
validation of the endogenous creatinine clear-
ance and calculated creatinine clearance. Inulin
clearance was measured by administration of a
continuous inulin infusion and timed collection
of urine and plasma samples during a standard-
ised period of the day.

u t I - GROWTH AND NUTRITIONAL ASSESSMENT
-3 0 3 6 9 12 15 18 21 24 27 30 33 36 Every three months weight, height, upper arm

Months circumference, and triceps skinfold thickness
re I Calculated creatinine clearance: 40xlength (cm)lcreatinine ([molll). Bars show were measured by the same observer. Weight is
re ICalclate cretinie clarane: 4 x lngth(cm)creainin tml/l) Bar sho expressed as weight for height percentage and

height as height SD score for healthy Dutch
children.'5 Delta height SD score was computed

three months that covered two days during the as height SD score-height SD score at the time
week and one day in the weekend. The dietitian of randomisation. For the children who were put
then discussed the dietary diary with parents and on renal replacement treatment or died during
children to be sure that nothing was omitted. the study, the last weight, height, upper arm
Protein and energy intakes were calculated using circumference, and triceps skinfold thickness
the Dutch Nutrition Index'2 and were adjusted were carried forward. Serum albumin and trans-
if they did not correspond to the prescribed ferrin concentrations were measured every
amount. three months as parameters of protein malnutri-
Thp epriim iirpa-a rrPatinin ratin wae mi-nelin-, tion.16I1Illt; f1 Ulil U1-CdA. T1-d*u111C 1-d [1U Wit IICdb1s U1CU

every three months. Twenty four hour urinary
urea excretion is not a reliable method for
assessment of nitrogen intake and was therefore
not used to assess dietary compliance.'3

RENAL FUNCTION
Once every three months renal function was
assessed by means of the endogenous creatinine
clearance and the calculated creatinine clearance
(40 x length in cm/plasma creatinine in
[tmol/l).14 Endogenous creatinine clearance was
computed from 24 hour urine collections and
plasma creatinine. For the children who were
put on renal replacement treatment or died
during the study, creatinine clearance and the
calculated creatinine clearance were counted as
0 ml/min/1 73 m2 for the remainder of the study.
Endogenous creatinine clearance and calculated
creatinine clearance are relatively easy non-
invasive procedures for assessment of renal

-- Protein restricted

° Control group

MISCELLANEOUS PARAMETERS
Systolic and diastolic blood pressure and haemo-
globin, serum uric acid, and bicarbonate concen-
trations were measured every three months.

STATISTICS
Data given are mean (SEM). Mean (SD) is given
in case it was felt necessary to show the distribu-
tion of outcomes. Differences in the means of
various parameters between the two groups were
assessed for statistical significance using the
Mann-Whitney test. In addition, for repeated
measurements analysis of variance (BMDP,
module 5V) was used to compare changes in the
course of time in endogenous creatinine clear-
ance, calculated creatinine clearance, weight
with respect to height, height SD score, upper
arm circumference, and triceps skinfold thick-
ness. The p values given are two sided; 5% was
considered the limit of significance.

Results
One child from the control group with mesangio-
capillary glomerulonephritis received a course of
high dose corticosteroids because of a rapidly
progressive phase of his disease three months
after randomisation. This child was considered
non-evaluable and was excluded from further
analysis. None of the other 55 children dropped
out of the study during the first two years. In the
last year of the study one child from the control
group and seven children from the protein
restricted group dropped out of the study. Four
of these children received growth hormone treat-
ment; this was an exclusion criterion and four
children could not comply with the protein
restricted diet any longer.
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Figure 2 Endogenous creatinine clearance. Bars show SEM.
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Figure 3 Weight with respect to height. Bars show SD.

RENAL FUNCTION
In the protein restricted group as well as in the
control group four children reached end stage
renal disease during the course of the study.
Creatinine clearances could be calculated for 42
(75%) of the 55 patients; for the renmaining
children urine could not be collected because of
incontinence. There was no significant differ-
ence between the experimental and the control
group in either calculated creatinine clearance or
endogenous creatinine clearance during the
three year follow up period (figs 1 and 2). In both
groups the mean glomerular filtration rate slowly
declined: -2 9 (1-0) ml/min/1 73 m2/year for the
protein restricted group and -2* 1 (0 8) ml/min/
1-73 m2/year for the control group.

Inulin clearance was measured after two years
in 45 patients (six refused, four had reached end
stage renal disease) and after three years in 33
patients. The mean inulin clearances after two
and three years were 38 (16) and 36 (15) ml/min/
1-73 m2 respectively for the protein restricted
group, which did not significantly differ from 36
(15) and 32 (14) ml/min/1 73 m2 for the control
group. Calculated creatinine clearance and endo-
genous creatinine clearance correlated signific-
antly with inulin clearance: r=0-85 and r=0-78,
respectively.

GROWTH AND NUTRITIONAL ASSESSMENT
There was no significant difference between the
control group and the protein restricted group in
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Figure 4 Delta height SD score. Bars show SD.

weight with respect to height (fig 3), delta height
SD score (fig 4), upper arm circumference,
triceps skinfold thickness, and serum albumin
and transferrin concentrations during the course
of the study.

DIETARY ASSESSMENT
During the three year follow up period, the mean
protein intake of the children in the protein
restricted group, calculated from the prospective
diet diaries and expressed as a percentage of the
prescribed diet, was approximately 100% (fig 5).
The mean protein intake of the children in the
control group always exceeded 100% of the
prescribed 1 5-2 0 times the safe levels for
protein intake that approximates the normal
protein intake of Dutch children." Energy
intake of all children, except one in the control
group, was adequate (>80% of the advised
amount) and there was no significant difference
between the children in the protein restricted
group and those of the control group. The serum
urea:creatine ratio was significantly lower during
the entire study period for the protein restricted
group with respect to the control group (fig 6).

MISCELLANEOUS PARAMETERS
There was no significant difference between the
protein restricted and the control group in
systolic or diastolic blood pressure or in the
haemoglobin and bicarbonate concentrations.
Uric acid before randomisation was significantly
higher in the protein restricted group: 0-41
(0- 10) mmol/l compared with 0 37 (0 07) mmol/l
for the control group. This difference did not
change during the three year follow up period.

Discussion
Although it is common practice to advise a
protein restricted diet for children with chronic
renal failure, this study cannot support the
hypothesis that protein restriction can preserve
renal function at least during an observation
period of three years. Although eight children
had to stop the study during the third year, the
results in the last year ofthe study resemble those
found in the preceding two years. The results of
our study are in accordance with those reported
by Rosman et al'7 and Locatelli et al,'8 who found
no beneficial effect of a protein restricted diet in
larger randomised studies of adults (248
patients'5 and 456 patients'6 with a degree of
chronic renal failure similar to that in our study.
Only Ihle et al found a favourable effect of
a protein restricted diet (0 4 g/kg/day) in a
randomised study of 65 adult patients with
severe progressive chronic renal failure (serum
creatinine 350-1000 [tmol/l).'9 But in his study
the patients with a protein restricted diet lost
significantly more weight and had significantly
lower concentrations of serum transferrin and a
significantly lower total lymphocyte count, each
parameter indicating malnutrition, compared
with the control group. Possibly the protein
restriction prescribed in our study was not severe
enough to protect against haemodynamically
mediated glomerular injury when there is a
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Figure 5 Protein intake. Bars show SD.

significant reduction in functioning nephrons.
As children with chronic renal failure are already
at risk for growth retardation, however,20-22
caution is essential when a protein restricted
diet is recommended. The protein restriction
followed in our study was combined with an
adequate caloric intake and did not cause growth
impairment. It does not appear advisable to
reduce protein intake below the sale levels
recommended by the WHO for protein intake
for children in the process of growth, but
prospective controlled studies are not avail-
able.23 24 Although the children and their parents
were extensively coached and supported during
the entire study, diet compliance may not always
have been optimal but was in our opinion the
best to be achieved. The protein restricted group
as a whole had significantly lower serum
urea:creatinine ratios compared with the control
group.
Those who advocate a low protein diet for the

management of patients with renal failure argue
that there is an improvement in the patient's
wellbeing after a reduction in blood urea con-
centration. Although this was not extensively
studied, our impression was that a few patients in
our study did feel better after reducing their
protein intake, but in most children this could
not be found.
We conclude that the protein restricted diet

used in this study has no obvious effect on renal
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Figure 6 Serum urea:creatinine ratio assessed three months before to 36 months after
randomisation. *p<OO5=statistical difference between the protein restricted group and control
group.

function in children with chronic renal failure.
But it would be too early to state that there is no
effect after a more extended observation period.
It would also be of interest to analyse the effect of
a low protein diet after stratification for underly-
ing primary renal diseases. The relatively small
number of our patients did not allow to do this
but the analysis of the 200 patients of the
European multicentre study did not show such
difference, at least for the first study year.8 One
further important conclusion can be drawn from
the study. Long term protein restriction accord-
ing to the safe levels of the WHO does not
negatively influence body growth of these child-
ren if adequate amounts of energy are supplied.
When the GFR has fallen below 60 ml/min/

1-73 m2 the single nephron GFR has already
reached its maximum. It is unlikely that any
intervention can prevent or even halt the inexor-
able focal and segmental glomerulosclerosis that
has been abundantly documented in rats and in a
few human studies. The next step might be
investigating the effect of a protein restricted diet
in patients with a near normal glomerular filtra-
tion rate. However the disadvantages of keeping
to such an unpleasant diet must be balanced
against the risk for such a patient to progress to
end stage renal disease.
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Alcohol and the European fetus

A supplement to the International journal of Epidemiology
(EUROMAC 1992; 21: suppl 1) is devoted to a review of the
literature about maternal alcohol consumption and the fetus and
a report of a multicentre study initiated by the European
Commission and carried out in the Netherlands, Denmark,
Germany, France, Portugal, Spain, and Scotland. Mothers were
questioned about their alcohol consumption during pregnancy and
their babies were examined at birth and their development assessed
at 18 months. The frequency with which mothers admitted to high
alcohol intakes (¢ 120 g alcohol per week*) varied greatly from
0-5% in one Spanish centre to 19-4% in the French centre.
The main finding was that fetal growth was adversely affected

when mothers drank 120 g or more of alcohol weekly. No adverse
effects were found for modest alcohol intakes. A diagnosis of fetal
alcohol syndrome was not made for any baby in the study, which
included 8484 pregnancies. They found no adverse effect on
development at 18 months for any level of alcohol intake during
pregnancy, in fact, embarrassingly enough, there was a tendency
for the babies of drinking mothers to perform better and a
statistically significant trend for the toddlers' attention span to
increase with maternal alcohol intake.
The authors conclude that one standard drink a day is unlikely to

harm the fetus, although they recommend on a 'benefit of the
doubt' basis that pregnant mothers should not drink alcohol. They
also warn against 'binge' drinking.

ARCHIVIST
*The alcohol content ofone glass of these drinks is as follows: beer (280 ml)= 8-5 g, Pils (280
ml)= 17-9 g, wine (125 ml)= 11-0 g, sherry (50ml)=7-2 g, and spirits (30 ml)=9-6 g.


